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論 文 内 容 要 旨 
 
Recent micro-lensing surveys (e.g. MACHO, OGLE, EROS) provide us, as a by-product, with long-
baseline light curves of a huge number of red giant variables in the Large and Small Magellanic Clouds 
(LMC and SMC). One of the most important developments by those surveys over the past decades is the 
discovery of at least 8 period-luminosity relations (sequences A’, A, B, C’, C, D, E and F) of the red giant 
variables in the LMC and SMC. Different sequences imply different origins of the light variations. 
Mira/semi-regular variables and OGLE small amplitude red giants (OSARGs) are pulsating red giant 
branch stars (RGB stars) or asymptotic giant branch stars (AGB stars) falling on the sequences A’, A, B, C’, 
C and F, while sequence E can be interpreted by the eclipse/ellipsoidal binary origin. In the last ridge, the 
sequence D is the longest period among the period-luminosity relations. We have no plausible 
interpretation for the origin of the light variations associated with those periods. The pulsation periods on 
the sequence D are named the long secondary periods (LSPs). In this thesis, we examine the pulsation 
modes corresponding to the pulsation of RGB OSARGs in the LMC (Part I) and the variability associated 
with the periods falling on the sequence D in the SMC (Part II). Part of this thesis in published in 
Takayama et al. (2013) and Takayama et al. (2015). 
In part I, we discuss the properties of pulsation in the RGB stars of OSARGs in the LMC. OSARGs show 
multi-periodic variations leading to their irregular right curves. Pulsation periods of RGB OSARGs fall on 
three narrow ridges (b1, b2 and b3) on the period-luminosity diagram. The pulsation modes interpreting 
those ridges have been a matter of debate for the past several years. By comparing pulsation periods and the 
period ratios of theoretical models with observations obtained with OGLE-III, we have found that the radial 
first, second and third overtone modes and the non-radial dipole (l = 1) p4 and quadrupole (l = 2) p2 modes 
reproduce those three ridges. The RGB stars of OSARGs are consistent with stars having initial (i.e. 
ZAMS) masses of ∼0.9 − 1.4M⊙ and current luminosities of log L/L⊙ ∼ 2.8 − 3.4. With those stellar 
parameters, the period corresponding to the scaled optimal frequency νmax for solar-like oscillations 
increases with luminosity, and passes through roughly the ridge of b2 on the period luminosity plane. This 
indicates that the stochastic excitation causes the pulsation in OSARGs. 
In part II, we discuss the properties of LSPs in red giants and explore a possible explanation for the light 
 variations. OGLE V and I data and long-term JHKs light curves obtained with the SIRIUS camera mounted 
on the IRSF 1.4m telescope have become available for the more luminous red giant variables in the SMC. 
By combining them, we have selected 21 program stars including 7 oxygen-rich stars and 14 carbon stars 
which show prominent LSPs in the light curves. It is found that in the oxygen-rich stars the most broad 
band colours (e.g. V − I) get redder at the light declines in its LSP cycle, while the J − Ks colour of those 
stars barely changes or even gets bluer when the a star dims. The most plausible explanation for the cause 
of getting bluer in the J − Ks colour would be an increase of H2O vapour absorption induced by the 
development of a dense cool layer above the atmosphere. This scenario is consistent with the results of 
recent observations which suggest that a chromosphere develops during its LSPs cycle, which implies that 
the LSP phenomenon is associated with mass ejection from the stellar atmosphere near the beginning of 
light decline. We have explored the possibility that photometric variations in OGLE V and I and the near-
IR JHKs can be interpreted by either dust absorption by ejected matter or dark spots on a rotating stellar 
surface. We have found, however, that both models can not reproduce the light and colours variations 
associated with LPSs. A simple combined dust absorption and dark spots model do not show any better 
improvement at explaining the observation than the dust and spotted star models individually. We conclude 
that some other mechanism is the cause of the light variations showing LSP. 
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系列が同定されている。第一部では、その内の３つの系列に属する所謂 OSARG(OGLE Small Amplitude 







振動を仮定しても観測を再現することができることも示した。特に、脈動星として 0.9 から 1.4 倍の
太陽質量の星が巨星段階にあるとすれば、観測と矛盾しないことを示した。 
  論文の第二部では、周期・光度関係のうち上述の３つの系列とは別の系列に属する脈動変光星で






dust shell が形成され、その dust shell が中心の脈動変光星からの光の減光の原因になっていると
仮定するもので、もう一つのモデルは、星の表面に巨大な dark spot（黒点）が存在して、それが星
の自転のために周期的な減光の原因になるとするものである。適当なパラメータを仮定して、中心星
からの輻射を受けた dust shell 内の輻射輸送を計算して、dust shell 表面からの輻射スペクトルを
求め、たとえば光度 I と色指数 I-J について理論計算と観測とを比較した。その結果、炭素星につい
ては dust shell からの輻射スペクトルは観測されるスペクトルとおおきく矛盾することはないが、
酸素星については観測される輻射スペクトルが dust shell 模型では説明できないことが判明した。
Dark spot モデルについても同様な結果が得られた。これらの結果は、ここで仮定した二つのモデル
では LSP の起源・原因を明らかにすることは出来なかったことを示しているが、考えられる理論モデ
ルの選択肢をより限定することはできた。 
  上述のふたつの研究結果は独自のものであり博士論文を形成するものとして十分な内容を含んで
いる。高山君は恒星進化や脈動の計算、輻射輸送の計算など、多くの物理的・数学的事項の十全の理
解や習熟が必要な仕事を充分な正確さで行った。また、様々な観測結果を正確に理解し、それを理論
計算と比較することで有益な結論を導くことも出来た。これらは、高山君が自立して研究活動を行う
に必要な高度の研究能力と学識を有することを示している。したがって，高山正輝提出の博士論文は，
博士（理学）の学位論文として合格と認めることができるものである。 
 
 
